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S U M M A R Y  

The simultaneous measurement of 

of t he  electromagnetic f i e l d  of a wave, 

Franqois Ber t in  & 
Jacques Pape t - ldpine 

33 4 6 ~  
the  Ear th ' s  magnetic f i e l d  and 
emitted by a dipole  placed on 

the  missile, allows t o  determine unambiguously 
the  l a t t e r ' s  a t t i t u d e .  

and at any chosen time 

* 
* * 

A method of determination of the  a t t i t u d e  of a rocket  u t i l i z i n g  
th ree  magnetometers and a solar c e l l  [ l l h a s  a l ready  been proposed. The 
i n t e r e s t  of t h a t  method is i n  the s i m p l i c i t y  of the  o p t i c a l  system used. 

Unfortunately,  its use is not general ,  f o r  i t  imposes the  presence of 
t he  Sun o r  of the Moon. It is thus i n t e r e s t i n g  t o  l i b e r a t e  o u r s e ~ v e s  
from such cons t r a in t s .  We now propose a method u t i l i s i n g  t h r e e  magneto- 

meters and the  knowledge of the e l e c t r i c  f i e l d  emitted by a d ipole  placed 

i n  t he  axis of one of the magnetometers. 
The three  magnetic c o l l e c t o r s ,  plaoed on bowd of t he  rocke t ,  

3ef ine  th ree  orthogonal d i r ec t ions  ( 0 ,  x, y, a) 

and allow.measurementof the i n t e n s i t y  of the  E a r t h ' s  magnetic f i e l d  com- 
ponents alonF these t h ree  a e ~ .  If  we take  f o r  reference t h e  t r ihedron  

(0, X,,, Y,,, Yo,,), x,, bearing t h e  matrnetic f i e l d  vec tor ,  but o r i e n t e d  i n  t h e  
o p ~ o s i t e  d i r ec t ion ,  and X,, being d i r ec t ed  along the  magnetic E a e t  in t h e  

* R e s t i t u t i o n  de l ' a t t i t u d e  d'un engin B l ' a i d e  de t r o i s  magn6tomdtres 

l inked  with t h e  rocke t ,  

e t  d'un d ip8le  bet teur .  I 
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2. 

h o r i s o n t a l  plane,  t h e  magnetic c o l l e c t o r s  a l low the  measurement of t he  
Euler  angles  8,and qo, but ignore t h e  angle \yo which is necessary for 
an unambiguous determination of t h e  p o s i t i o n  of t h e  t r ihedron  l i nked  wi th  

the  rocket  (Fig. 1). The method proposed here  hae for aim t h e  measurement 
Of t he  angle q0. 

We propose t o  analyze the  s i g n a l s  emit ted by a dipole ,  placed on 
board of the  rocke t ,  using a system of antennas i n s t a l l e d  on t h e  ground 
a n d  cons i s t ing  of th ree  orthogonal d ipoles  of which the  th ree  d i r e c t i o n s  

Overlap w i t h  the  axes of t h e  reference t r ihedron  (0, X,,, Y,,, Z,,), Z,, being 
v e r t i c a l  and  x, overlapping w i t h  t he  e a r l i e r  defined d i r e c t i o n  of XI,. 
The voltage measured at rece ivers '  output  depends upon the r a d i a t i o n  pat-  
t e r n  of the  r ece iv ing  antennas. These p a t t e r n s  are e s s e n t i a l l y  func t ion  of 
the  e leva t ion  and aeimuth angles  o f  t h e  d i r e c t i o n  of propagation A. These 
angles  are obtained with a r a the r  good approximation by t r a j ec tog raph lc  

i n s t a l l a t i o n s  of the launching pads. 
We s h a l l  assume t h a t  the  emi t t i ng  d ipole  is placed on the  axis 2. 

When the  rocket  sp ins , the  emit t ing d ipole  scans t h e  plane ( x , y ) .  The elec- 
t r i c  vector  E then descr ibes  a t  ground l e v e l  an e l l i p s e  s i t u a t e d  in t h e  

plane perpendicular t o  the  axis pass ing  by the poin t  0 (Fig. 2 ) .  We 
s h a l l  denote t h i s  plane by (E). 
l inked  with t h e  missile, t o  the point  0, the  planes (E) and (xy) i n t e r s e c t  
o n  the curis MW. L e t  us denote by @ the  angle between the  axes 4 and - e, 

by 0 the  angle between the axes 4 
r o t a t i o n  of t h e  rocke t  the angle 0 v a r i e s  by 

If b r i n g  the  o r i g i n  of the  t r i hed ron  (x,y, 5 )  

and f. I n  the  course of a complete 

x 
cl, a (J= 2 - + @  

pass inc  twice i.g t h e  value e) = 5/2, when i t  passes  through M and M'. 
Assliming t h a t  t he  r o c k e t ' s  proper r o t a t i o n  is p e a t  r e l a t i v e  t o  the pre- 

cession movement of the  axis of r o t a t i o n ,  t he  angle @ is given by 

E,,,,,, a..d'l'$,,,,x be inc  r e spec t ive ly  the conaeoative minima and m a x i m a  of the 
function represent ing  the var ie t ion ,  a6 a funct ion  of time, of t h e  i n t e n s i t y  



. 

3. 
c 

of the  e l e c t r i c  vec tor  received on the  p o u n d  

1; = d s n t v  *L 1 

where E,, E, and E, are t he  values  of t h e  component of E, measured on 
each recept ion  d ipo le ,  takine; i n t o  account t h e  r a d i a t i o n  pa t t e rns .  

Fig. I .  
Fig. 2. 

C first method, c a l l e d  t h e  r e fe rence  plane method, c o n s i s t s  i n  
measuring the  angle  by formula (11, then i n  c a l c u l a t i n g  a H b y  r e s o l v i n g  
the  s p h e r i c a l  t r i a n g l e  (Z,,, A, z )  (Fig.  1 ) ;  t h i s  gives ,  i n  i ts  tu rn ,  t h e  Eu le r  

angle  'yo searched f o r ,  by the  r e l a t i o n  

x 
( $ I *  all) + 9' (3)  

lo being  the  aeimuth of t h e  axis A i n  t h e  t r i h e d r o n  (0, X,, Y,, Z,). We may 
see f rov  t h i s  formula t h a t  t he re  is ambiguity as regards t he  value of t h e  

rngle \yo and, by way of consequence, a160 as r ega rds  the  va lue  of t h e  
azimuth of t he  axis e. This  stems from t h e  f a c t ,  t h a t  during c a l c u l a t i o n s  of 
t h e  angle anwe  a r e  ignorant  of its s i g n  and, consequently,  t h a t  t h e  plane 
def ined  by the  axes 
p lane  (ZH, A), thus  de f in ing  two p o s s i b l e  p o s i t i o n s  for the  axis of  t h e  

m i s s i l e ,  symmetrical r e l a t i v e  to  the  plane (ZH, A). I n  order  t o  overcome 
this, i t  is s u f f i c i e n t  i n  the l a s t  a n a l y s i s ,  t o  know t h e  sign of t g @ .  

- 
( Z , , m )  may be s i t u a t e d  on e i t h e r  a ide  of t h e  r e fe rence  
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A second method, s a i d  to  be method of minima, al lows t o  know 
the  sign of tg@. This method cons is t6  in defining,  a t  a given moment of 
time, t h e  v e r t i c a l  plane containing the  axis f of t h e  emi t t i ng  d ipole .  

if, as war3 assumed, the  axis y bea r s  one of the  two magnetometers of t h e  
right-hand sec t ion  of the missile, the  knowledge of the  v e r t i c a l  plane 
containing t h i s  magnetometer allows then t o  compute the  Euler angles  d e f i -  
ning the  pos i t i on  of the t r ihedron  l i nked  with the  miss i le .  

The c a l c u l a t i o n s  can be s impl i f i ed  by choosing a6 the  v e r t i c a l  p lane  

t h a t  of  t he  magnetic meridian. We then s e l e c t  the  moment6 of time when t h e  

e l e c t r i c  vec tor  E is in t h a t  plane. These moments of time are charac te r -  
i e e d  by t h e  f a c t  that t he  signal E,, given by t h e  d ipole  X R ,  is minimaa3 
o r  eero. We then def ine a f i c t i t i o u s  axis t r a v e r s i n g  t h e  magnetic meridian 
plane simultaneously with t n e  vector E 

plane as the  vec tor  E ) ;  l e t  CYJ! be t h a t  axis (Fig. 2). We denote by 3, t h e  
angle between g and t h a t  f i c t i t i o u s  axis in t he  right-hand s e c t i o n  of t h e  
missi le .  The axis OT ic definerin i n  the  l a t te r  plane as of t h e  l i n e  of nodee 
i n  the trihedron (0, XI,, Y,,,Z,,) by t he  angle  

( t h u s  s i t u a t e d  i n  the  same vertical 

p,,= 'Po * t'. (4) 

(YR, E) = LR 

Formula (4) provides two poss ib le  p o s i t i o n s  for t he  poin t  T in 
the  magnetic meridian plane,  say T1and T2. But, s fnce  the re  is only one 
poss ib le  pos i t i on  f o r  the vector E i n  t h i s  same plane,  the  p o s i t i o n  of 
t h i s  vector  r e l a t i v e  t o  points T1 and T2 provides  immediately t h e  s i g n  
of tg(-)). 

Indeed : 
- if E is  between ZR and T1, T 2 ,  we have 0 > z/2 and *tg@ < 0 ;  - i f ,  t o  the  contrary,  T1, T2 are between ZR and E, we have 

We see  t h a t  i t  is thus poss ib l e  t o  know .without ambiguity t h e  value 

(9 < ~ / 2  and t g 8  > 0.  
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of the  angle \V, ; the  knowledge of i t  w i l l  allow us  t o  know the  pos i t i on  

of the  t r iheckon l inked  with the  rocke t  r e l a t i v e  t o  the  f ixed  t r ihedron  

(0, XI,, y,,, & I ) .  

Note t h a t  i n  the  p a r t i c u l a r  case ( t h a t  o f t e n  occurs in normal 

rocke t  launchings) when t h e  angle is zero o r  very s m a l l ,  t he  angle 0 

is  zero,  j u s t  as 3 is. Then there  is no angular dephasing between the  
v e r t i c a l  planes containing the  e l e c t r i c  vector  and the  emi t t ing  dipole.  

Thus, one is ce r t a in ,  t h a t  when EX is minimum, the  emi t t i ng  dipole  is 
the  magnetic meridian plane. Formula (4) does not  then present  any ambi- 
gu i ty  and the  s ? l u t i o n  of t h e  problem is very simple. 

Now i t  remains t o  take i n t o  account the  e r r o r  engendered by t h e  

c ross ing  ionized l a y e r s  of the ionosphere by an electromagnetic wave. 
It is wel l  known t h a t  the presence of such a medium induces the  r o t a t i o n  

of t h e  e l e c t r i c  vector  i n  the  plane of the wave (Faraday e f f e c t ) .  The 
first method of ca l cu la t ion  of the angle @ is not  a f f e c t e d  by the  Faraday 
e f f e c t  s ince  the  measurements are  r e l a t i v e .  The second method r e q u i r e s  an 
apmoximate evaluat ion of the Faraday e f f e c t .  

A t  any r a t e  i t  is possible  t o  measure the  Faraday e f f e c t  with a 
f a i r l y  g rea t  prec is ion  with the  he lp  of  t he  measurement of the  d i f f e r e n t i a l  
Doppler e f f e c t  obtained p r a c t i c a l l y  by the  emission of the  harmonic of t h e  
centra.1 frequency. 

This  method of r e s t o r i n g  the a t t i t u d e  of rockers  o f f e r s  t he  fol- 
lowing i n t e r e s t :  

- gene ra l i t y  of use;  - t h e  a d d i t i o n a l  r a d i o e l e c t r i c  equipment placed in the  rocket  
is  simple a d  makes no use of telemetry; 

- the  rece iv ing  device on the ground is i n s t a l l e d  d e f i n i t e l y .  

This  method provides,  moreover, the  p o s s i b i l i t y  of determining 
the  content of e l ec t rons  i n  the ionosphere between the a l t i t u d e  of t he  

rocke t  and t he  ground. 

* * *  T H E  E N D  * * *  
Contract  No.NAS-5-3760 Trans la ted  by ANDRE L. BRICHAmT 
Consul tants  & Designers, Inc. 

I z l i n c t o n ,  V i rg in i a  on 20 September 1965 
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